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(54) Optical signal transmission networic 

(57) A means for simplifying fault locatton In an optical signal transmission network in which a main optical fibre 8 is divided 
Into a plurality of branch circuits 11 to 16, comprises optical time domain reflectrometry (OTDR) equipment 10 for 
transmitting an output signal along the main fibre, and for each branch circuit, means 21 to 26 tor causing the signal returned 
to the OTDR equipment from the branch to be modified in a manner unique to that branch. The branch circuit means 21 to 
26 may each comprise a filter passing Bght at one or more distinctive frequenqr bands, a frequency modulator, or a 



polarizer. 
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QPTICAL SIGNAL TRANSMISSIOW NETWORK 



This invention relates to optical signal transmission 
networks, as may be used, for example, In optical fibre 
telecopunications, and relates, in particular, to a fault location 
and diagnostic systems for use with such networks. 

Over the past decade, optical time domain reflectometry, 
hereinafter referred to as OTDR, has become an established tool for 
the location and evaluation of the features on an optical fibre 
route. For example, OTDR techniques are now commonly used to 
determine both the position and loss of splices and connectors and 
the position of line breaks as well as providing a means for making 
single-ended, real-time system loss measurements. 

In use of an optical time domain reflectometer a short 
pulse of light is launched into an optical fibre under test and the 
backscattered signal Is monitored as a function of the time of 
flight (or equivalently distance) along the fibre. The magnitude 
of the backscattered signal depends on the Rayleigh scattering, 
attenuation, inhoraogeneltles, splices, components and the optical 
power level in the fibre. Features Jn the trace of .backscatter 
versus time may then be correlated with the presence of 
discontinuities and disruptions In the fibre route. . . 

VAiilst OTDR techniques are extremely valuable as a 



diagnostic tool for the location of faults in simple point to point 
Inks there Is now an increasing trend towards more complex passive 

optical networks. 

In such networks a number of branch circuits may emanate 
from a single optical fibre connected, for example to a telephone 
exchange, and the branch circuits ma^y be further divided into 
further branch circuits. Such an arrangement can provide a 
significant cost reduction by utilising the available bandwidth to 
share said single exchange fibre amongst a number of customers, 
thereby reducing the level of exchange equipment and fibre 
installation costs borne by each customer. 

It will, however, be apparent that when a signal from OTDR 
equipment is transmitted along said single fibre, and thence to the 
branch circuits, the signal which is returned at any instant, 
following the transmission of an output signal from the OTDR 
equipment, will be made up of light backscattered from many points 
in the network at the same distance from the equipment. This 
makes the location of a fault in the network difficult and 
time-consuming. 

An object of the invention is to provide a means of 
simplifying such fault location; 

According, therefore, to the invention, in an optical 
signal transmission network comprising a main optical fibre having 
a plurality of branch circuits, and associated with OTDR equipment 
connected so as to transmit an output signal through said main 
fibre and said branch circuits, each said branch circuit 
incorporates, means for causing the signal returned to the OTDR 
equipment from said branch to be modified in a manner unique to 
that branch, and the OTDR equipment has means for distinguishing 
the signals returned from the individual branch circuits. 

In one arrangement in accordance with the' invention, the 
OTDR Is capable of being tuned to provide signals In a. selected/ 
wavelength band» and each branch circuit Incorporates a filter^' 
capable of passing traffic wavelengths, and one or more respective 
pass wavelengths In the OTDR band, without significant loss, but of 




attenuating all other wavelengths in the band, the filters being so 
related that a signal returned to the OTDR equipment from any 
branch of the network has a wavelength unique to that branch. 
Accordingly any branch circuit having a fault can be unambiguously 
identified, and measurenent of fault conditions can be carried out 
as in a point to point, rather than a point to multipoint system. 

In an alternative arrangement each branch circuit 
incorporates means for modulating the output signal from the OTDR 
equipment at a unique frequency and the OTDR Incorporates detector 
means capable of being tuned to respond to a selected one of 
individual frequencies of the various branch circuits. 

Instead of straightforward loss modulation of the OTDR 
output signal, each of the individual branch circuits- may 
incorporate, instead, means for modulating the state of 
polarisation of the output light signal from the OTDR equipment In 
a unique manner, the ODTR Incorporating means for detecting the 
state of polarisation of the returned signals. Decoding of the 
returned signal may be achieved by splitting It into two polarised 
components, the intensity of which will have components at the 
modulation frequency. Unambiguous measurements of the various 
route segments may then be made as with the loss modulation 
technique. 

The filters or modulating means, as the case may be, are 
preferably disposed adjacent the beginning of the respective 
' branches. 

The invention will be further explained by way of example 
with r.efere.nceJ;o Figures 1 to 4 of the accoiq[)anying drawings, in 
which: 

Figure 1 represents In diagrammatic form a typical 
OTDR system. 

Figure 2 represents part of an optical fibre 
telecommunication network employing one embodiment of the 
invention. 

Figure 3 illustrates the manner of operation of this 
embodiment of the invention, and 



Figure 4 repiresehts part of an optical fibre 
teleconraunlcatlon network employing an alternative embodiment of 

the invention. 

Referring first to Figure 1, the OTOR equipment 
Illustrated Incorporates an electrical pulse generator 1, the 
output of which is fed to means 2 for producing a light signal 
in a selected waveband, and this Is fed, in turn, into an optical 
fibre 3. 

When a signal is generated by the OTDR equipment, a signal 
will be returned along the fibre 3 made up of light backscattered 
from splices, disconformities and possible faults in the fibre, the 
returned signal being fed via a directional coupler or beam 
splitter 4 to a converter 5 and detector 6 responsive to the 
retuned signal, and display means for indicating the signal value 
at selected instants following the transmission of the output 
signal, i.e. after selected round trip delay times, and this 
accordingly enables the location of any fault in the fibre to be 
readily determined. 

Such an arrangement operates quite satisfactorily where 
there is only a single output fibre. However where the fibre 3 has 
connected to it a plurality of branch circuits, as, for example in 
the case of an optical telecommunication system, the returning 
signal at any Instant will be made up of light backscattered from 
many individual points at the same distance from the OTDR 
equipment, making the extraction of useful information from the 
equipment extremely complex. 

Figure Z illustrates how the Invention avoids this 
difficulty, and represents. In simplified form, part of an 
optical fibre telecommunication network comprising a main fibre 8 
connected to a telephone exchange (not shown) and feeding two 
branch circuits 11, 12, each of these feeding, in turn, two further 
branch circuits 13, 14 and 15, 16 respectively. 

OTDR equipment, shown diagrararaatlcally at 9 feeds output 
signals into the fibre 8 through suitable coupling means 10, the 
signals being transmitted from the fibre 8 into the various branch 
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clrcults. In accordance with the invention each branch circuit is 
provided, adjacent the respective branch point, with a dielectric 
filter 21, 22, 23, 24. The filters are such that they do not 
introduce any significant loss at traffic wavelengths (for example 
1200 to 1570 nin) or at the designated OTDR pass wavelength, but are 
such that signals returned to the OtOR equipment from any branch of 
the network have a wavelength unique to that branch. Accordingly 
each possible route is assigned a unique OTDR wavelength, and by 
tuning the OTDR source wavelength across the allocated OTDR band, 
each individual route will be selected in turn. 

Characterisation of the selected route nay then proceed as 
if it is a simple point to point link. 

Figure 3 illustrates a manner in which this may be 
achieved in the simple branch circuit shown In Figure 2. Thus 
filter 21 heavily attenuates or reflects wavelengths/^ i and^2» 
while passing wavelengthsAa andA4. Filter 22 heavily attenuates 
or reflects wavelengths;^ 3 and^4 while passing wavelengths;^! and 
^ 2* Filters 23 and 26 heavily attenuate or reflect wavelengthsAl 
andA3 and pass wavelengthsAg ^^^Xa filters 24 and 25 
heavily attenuate or reflect wavelengths /vg and y\ 4 and pass 
wavelengths^! and^ 3. 

It will therefore be seen that wavelength^4 is unique to 
branch 13, X3 ^o branch 14,^1 to branch 15 and^2 to branch 16. 

Figure 4 illustrates part of an optical fibre 
telecoinnunicatlon network conq>r1s1ng a main fibre 8, first branch 
circuits 21, 22 and further branch circuits 23,24. In this case 
each of the branch circuits 21 to 24 Incorporates, adjacent the 
branch point, a modulator 31 to 34 respectively. OTDR equipment 
feeds output signals into the fibre 8 through suitable coupling 
means (not shown), and the modulators in the various branch 
circuits are arranged to modulate the OTDR signals at unique 
wavelengths. 

The length OA Is single pathed and hence may be 
characterised by standard 'DC OTDR measurements. Lengths ABC 
and ABD return OTDR signals modulated at frequency 31, and will 
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therefore have a non-zero component at this frequency, whilst route 
AE, which is modulated atD32, has no component at 31. Thus 
length AB has been uniquely determined. Similarly selecting 
frequency ^33 or 34 allows measurement of BC or BD respectively. 

Many mechanisms for such loss modulation may be envisaged, 
but a low cost, clip-on modulator would be ideal. This restricts 
the modulation scheme to one in which the fibre is physically 
perturbed. If primary coated fibre is accessible, then 
microbending may be conveniently used to induce loss, whereas 
Jacketed fibre could more easily be modulated by Inducing periodic 
bulk bend loss. Acousto-optic or other forms of modulators night 
also be used for some applications. The depth of the loss 
modulation will, however, be limited by the heed to nialntain a 
minimum required error performance for the system. 

In a modification of the embodiment illustrated in 
Figure 4, the modulators 31 to 34 ma^y be replaced by modulators 
which modulate the polarisation of light under examination. By 
this means It is possible to determine the returned signal without 
disrupting traffic signals to any significant extent. Decoding of 
the returned signal can be achieved by splitting It into two 
orthoganally polarised components, the intensity of which will have 
components at the modulation frequency. Unambiguous measurements 
of the various route segments nay then be made as with the loss 
modulation technique described above. 

It will be appreciated that although the invention has 
been explained with reference to simple networks, it can readily be 
applied to flore complicated networks, by the use of suitable 
filters or modulators as the case may be. Moreover although It is 
primarily concerned with the location of faults in optical fibre 
telecommunication systems It may also be used to advantage In other 
systems employing multlbranched optical fibre networks. 




CLAIMS 



1. An optical signal transmission network comprising a main 
optical fibre having a plurality of branch circuits, and associated 
with OTDR equipment connected so as to transmit an output signal 
through said main fibre and said, branch circuits, wherein each said 
-branch circuit incorporates, means for causing the signal returned to 
the OTDR equipment from said branch to be modified in a manner unique 
to that branch, and the OTOR equipment has means for distinguishing 
the signals returned from the individual branch circuits. 

2. . An..opt1cal signal transmission network according to Claim I 
wherein the OTDR Is capable of being tuned to provide signals In a 
selected wavelength band, and each branch circuit Incorporates a 
filter capable of passing traffic wavelengths, and one or more 
respective pass wavelengths in the OTDR band, without significant 
loss, but of attenuating all other wavelengths in the band, the 
filters being so related that a signal returned to the OTDR equipment 
from any branch of the network has a wavelength unique to that 
branch. 

3. An optical signal transmission network according to Claim 1 
wherein each branch circuit incorporates means for inodulating the 
output signal from the OTDR equipment at a unique frequency and the 
OTDR Incorporates detector means capable of being tuned to respond to 
a selected one of individual frequencies of the various branch 
circuits. 

4. An optical signal transmission network according to Claim 1 
wherein each of the individual branch circuits Incorporates means for 
modulating the state of polarisation of the output light signal from 
the OTDR equipmnt in a unique manner and the OTDR incorporates means 
for detecting the state of polarisation of the returned signals. 

5. An optical signal transmission network according to Claim 4 
wherein the detecting means comprises means for splitting the 
returned signal into two polarised coiiq)onents. 

6. An optical signal transmission network according to any 
preceding claim wherein the filters or modulating means, as the case 



be, are disposed adjacent the beginning of the respective branch 
points. 

7. An optlcjal signal transmission network substantially as 

hereinbefore described by way of example with reference to Figures 2 
and 3 or Figure 4 of the accompanying drawings. 



xaminer's report to ^ Comptroller under 
Section 17 (The SeaMf Report) 


n^^iiwauuii iiuiiiuei 
GIK22I835.3 


Relevant Tecfbnical fields 








Search Examiner 


(UUKCKEdition } 


H4D (DLF) GIA (ACE, 


ABG> ACD) 












DR E P PLUMMER 


(ii) Int CI (Edition 5 ) 


GOIM 








Databases (see over) 








Date of Search ' ' [ . ' 


(i) UK Patent Office 










(11} 








8 JANUARY 1993 . 



Documents considered relevant following a search In respect of claims 



Category 
(sea over) 


Identity of documem and relevant pessaoes 


Relevant to 
cl8im(s) 


X 


GB 2190264 A 


(FOUCALT) -Whole document 


1 


AP 


WO 92/09873 Al 


(FURUKAWA ELECTRIC) Whole 
document 


1, 3 


X 


WO 91/15744 Al 


(BRITISH TELECOM) eg. page 1 
line 20 - page .2 line 9 
page 3 lines 6-18 


If 3, 6 


X 


WO .90/06498 Al 


(BRITISH TELECOM) eg. 
page 1 line 2 4_- page 2 . 
line 21 page 6 line 26 - 
page 7 line 10 


If 3 


X 


J Phys E: Sci Instrum 20 (1987) pages 954-967 
J P Dakin: Multiplexed and distributed 
optical fibre sensor systems particularly 
Figures 2(b) and 82(3). 


1, 3 



SF2(p) HD - dOC99\fil001109 




Categories of documents 

X: Document Indicating lack of novelty or of 
inventive step. 

Y; Docunfient Indicating lack of inventive step If 
combined with one or more other documents of the 
same category. 

A: Document Indicating technological background 
and/or state of the art 



P: Document published on or after the declared 
priority date but before the filing date of the 
present application. 

E: Patent document published on or after, but with 
priority date earlier than, the filing date of the 
present application. 

& Member of the same patent family, 
coaesponding document 



P;^!?!^®^ T!!? ^^^^}. database comprises classified collections of GB, EP, WO and US 

SeSfe^^^^^^^ The on-nne databases 

considered for search are also listed periodically In the Official Journal (Patents). 



